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(57) Abstract: A technique of protecting an 
interlayer insulating film formed of an organic 
low-dielectric material from damage caused during 
the semiconductor process, reducing the leak current 
of the interlayer insulating film, and improving 
the reliability of the semiconductor device. The 
semiconductor device comprises an organic insulating 
film (5, 26, 28) having an opening. The organic 
insulating film (5, 26, 28) has a modified portion (5a, 
26a, 28a) facing the opening. The modified portion 
(5a, 26a, 28a)contains fluorine atoms and nitrogen 
atoms. The concentration of the fluorine atoms in the 
modified portion (5a, 26a, 28a) is lower than that of 
the nitrogen atoms. While suppressing the corrosion 
of the conductor buried in the opening, the modified 
layer (5a, 26a, 28a) protects the organic insulating 
film (5, 26, 28) from damage caused during the 
semiconductor process. 

(57) Ktt: tttfiRt*«8-e»J«4tifeB 

(5. 2 6. 2 8) SflJATl^o «TlB»SMft 
mm (5. 2 6. 2 8) 14. EiTlBIBPI^® LT 
fifeSSP (5a. 26a. 28a) $ttSo & 
SS5 (5a. 26a. 28a) 14. 7^*H?- 
iSSS^t^tto (5a. 2 6a. 

2 8 a) fZ*5lf*«rE? vm& z f-<D&&\*. flJ 

B (5a. 26a. 28a) (4. MPUl^ 

2 8) s¥»f*^a-te^a>imrcaiA6*t*y>— 2/ 



m 



•) 03/083935 Al 1 0111 inilQI II llllll lllll^Bhllll lllll lllll 11)11 Hill llll 1UIID III! 1111 fill 



ITS 7f 1 ^ B*BSi*5t^ttrt Tokyo (JP). & 
U & (SAITOH,Shinobu) [JP/JP]; T 108-8001 S^tB 
SESITS 7S1 # 0*ma«it^ttrt Tokyo 
(JP). » (HAYA SHI, Yos h ih i ro) [JP/JP]; T 108-8001 
SSSS^ITB 7f 1 # B*m«M*3t£*t 
Tokyo (JP). 

(74) ftS A: H m (KUDOH,Mi noru); T 140-0013 SBC 
Tokyo (JP). 

(81) }g£B (@Pfy: AE, AG, AL, AM, AT, AU, AZ, BA, BB, 
BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, 
DM, DZ, EC, EE, ES, FT, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, 
NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, SK, SL, TJ, 



TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, 
ZM, ZW. 

(84) ft^ m ($M)i ARIPO (GH, GM, KE, LS, MW, MZ, 
SD, SL, SZ, TZ, UG, ZM, ZW), =L— =? *sT¥f%t (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — P V /<4#Sft 
(AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, 
GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK, TR), 
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
ML, MR, NE, SN, TD, TG). 



WO 03/083935 



PCT/JP03/04063 



wmm 

it>^> > />'^ u^rj-y (bcb) m-a-fl^ #U7x^^>, ^ur 
ijun-fji/, #u t u i/>^©M^7Km^^ , J t—, 

o H<D«£5&S$fite:* m%.\£." Dependency of Basic Properties 
of Porous Silica ILD Thin Films in the k Range 1.6-2.7 
on CMP Compatibility", H. Hanahata et si.. Conference 

Proceedings ULSI XVI, 2001, Materials Research Society, 
p. 629telM5fc$nT^3o 

f ^^I^^i^^iPXt 5 - <!: ^ § M ^ bfef 1 <D«M#DX 
gfidt, ^||#fP^^ (#PS 2000-36484) (lii^tlT^ 
3„ 1 <DW«MX&fl?TteU TKSHS^W^tS* 



WO 03/083935 



PCT/JP03/04063 



^&ffl£n££££, t^7;Vta^?l/> (CH 2 F 2 ) <h 

mjsipx^^^, ^^#fp^#g mm 2001-35832) izm^-z 

tlTV^o teftKD^OfgZ (DX.y^ytf&m'-Cte, 7.R it M ^ £ ^ ^ M 

mm 2ooo-269i85) \zm^^nx^^>o 'Aftw^vm 



WO 03/083935 




PCT/JP03/04063 



^Mflrfl^Sft («fW 2001-351976) tiS^ntVi 

$ffll©l7f>^t« 0 ~ 5 0 0 s c c m<DA r , 0~20sc 
cm0C 4 F 8 , O~lOOsccm0C 2 F 6 , 0~100sccm£> 
CHF 3 > 0 ~ 1 00 s c cm©CF 4 , 0 ~ 1 0 0 s c c m© O 2 > 0 
~100sccmON 2 , 0 ~ 1 0 0 s c c mCDC O, 0~100sc 
c m(D C O 2 y^ytftfXh ITffiffl $ ft§ It^Hl^S tlT V> £ . 
-jRW^if^^^t^T, &B«rtH** (#W¥7 - 1 9 3 

0 4 9) te, f t-'^7y^*t5!:t)4<Xyf >^flBftXyf 
>^81tW*UT^5. &HS#fF^# (#^ 2 0 0 1 - 3 5 

1 8 9 7) m^^5S^^*n^-r^) - t^t5y7XTX«^> 
^SBSM^bT^S. b#>b, utlf.©X7f>^i^ 



25 



3 



WO 03/083935 ^^PCT/JP03/04063 



*mw<Dm<D3m$, &m&m&-rzm** w8HE»««m^ 
m id jp e> n & ^ ^ - ^ £> & . 

rtznu^ ttfpsm-v&Zc zL<D&5tsLmmte* nvrmzMffc 

25 LVi„ 

(a) »^©_b®Mfc, fiiII^^^t^I§^> 

(b) fijfBW«&3iSI£, l<^>^bTHP^t5l8t, 



4 



WO 03/083935 




PCT/JP03/04063 



fc£^tfX^>^#**«fflbT*fr^*£fcfc«k0* tufH (b) 
XH^SOfB (c) Ig^fcfcP^fcfT 5 Z. t.if*i&\Zts.Z>. 

-rztctbizte. jLy^>?tfx\z^&n&mmm.mtfx(D : £)i>iku. 

iOfB (b) X5S^^^nT^^p B 1t, |fjf3*m^©AWT 

mib (c) x@«, tuts (b) xi§©^. mtzmmmmmcDMm 

(d) mmmmm&Mj&ir&jimt, 
mp^^-r^xe 



WO 03/083935 



PCT/JP03/04063 



ttmxxto*. mm <e) ietit wb:/9Xt©*£©«i& 

SBMP^M-rsftSfc, 3fcRJl©j£:&£ffiii"rs. 

(d) SfiiCD±IIl:fi»iI^i^t5Igi:, 

(e) #«^,#)^Sr, ^iIf^t^7 , 7X'7tx^^>^Ut 

tmt^S. ttffB (e) Ig*tfrfc*iTV>«M, *«^©;W 

(f) fiill^iit^Igt, 
yx^izmt 

( i ) ti^iiaoBilfWIl^W^iit, 

(j) m&mimmmmm<o.tmm\z, tift^i:j;!5^2i 
ni&Mt & ^ ^-r a x @ t > 

(k) ffilB*2»Mlft*«t*;ltirr*EJ*illi:* «ria»i»M 



WO 03/083935 




PCT/JP03/04063 



(m) HutE (i) xf^©t> MUMmntmm^Tiit*, 

y^^^^X^tffltT^frt^^tlciD, iuf3 (1) I@£MfB 

(k) -xM^nn\z.noz.^ifi^mz.t^o 

25 T&£o 



7 



WO 03/083935 A ^^PCT/JP03/04063 



H4S, ^S£(D^l^S©#»#^«©®3t^fe^^-r®f®EI^ 

® 9 H ^11 5at, 1 2 t®aj«©*^*SrHT? 

35 <5 o 

> ^ (D il ig ^ b T V i § o 



11611 ^M©B2^^©¥S#:^fi©^3t^^*^^^®^ 



8 



WO 03/083935 ^ PCT/JP03/04063 



10 tftS. 

02 3fi, 2^ffi©¥S#g«©»HS:fr*£&*?"»r®EI 

20 Tcb&o 

@29ii nm<Df&3mm<D*m&mm<DMm*&&^'?m : ®w 

B3 1lt ^ffi©S&2^ffi©¥S#&S©Si£:frfe£^t-»r®EI 
@3 21t ||Jfi©SS 2^Sg©¥*#S«©jKat^fe*^'r»fBffBI 



WO 03/083935 



PCT/JP03/04063 



H33B, *lfc©»2»«IO^*flE«i«©«**tfe***5'»lHH 
5! 93 & H Jfc t" S & © ^ & <D m M 

0 1 «, *^§HJ©^^©m 1 flO^itt 1 0 fc*UTV>5. 
¥2*#£iS 1 0 iSHMOS b 9 >S?7^ 1 arf«/&£nfc¥ 

Ifliil2 CD ± Kite, y'J3>M!4, tiii!5> ->U 

^mmmum-vmm^n. w^cit v t: ~ ; v ^ p ^ it > ^ > v 

^^7D^f> (BCB) I^T«$tl§. BCBJKT^^^n 
^ >^itm 7(1(1 ^n&^litTlFlffiti2 KlPJ3S-r*iB» 



10 



WO 03/083935 



PCT/JP03/04063 



states nxv> 5. ^ommmizu, mmms^mm^nx^^>o 

$H§i8 bft, A''J7I8 a©±fcEttiP*&£«>atr 
155, a*jtfXtC 4 F 8 t*tOXyf>m*«[ffll/TXy 

ft, &*-£**§-&a*^&?f*ffc£nTv>3. 

#tt^tt§*Il5 aft, IHIB^ 8 j&> e. <DM<D$£ffi.&W]±V, JE 

So 

5 a ft, tiii!5 oi-^>^©^i:V7X-7 4 I fc* 

n5xy?>^#fin?w$ti§©ttt!&v^ttgf ^ns^ 

#T*&3„ g*j!fXtC 4 F 8 tS^trx?/5 : >^X*ftfflbfcX 



11 



WO 03/083935 



PCT/JP03/04063 



y* h 1/>?X b^X^ 1 1 ->U n >gft;jgl7 



12 



WO 03/083935 



PCT/JP03/04063 



fMil50l7f>^f:tt« C 4 F 8 <h^m^7, (N 2 ) 
(0 2 ) i^^nfcX7f>^7ra$tl5. 

$6jftflg 5 #x-/5F>^sn5 ^7X"7t^*n5g* 
ti^i!5 ICiaA^n, i&S15aM$n§. 

^7,^^*n^^^^^<D^;l/it«, 5 0 %J^±T^^ei<h 

>mtigi6, ~>u xi >tibi7 n, #1*112^ 

^/&£*l£o #«ftI12tt, tlftW5©JI*«IXy^>^ft 

c 4 f 8 t&mxx£Mmxx£&m&-zntc.x.y ; ?>>ffix&m^ 



13 



WO 03/083935 




PCT/JP03/04063 



jjxtmmxx tommy** ^-n-^n, 1 o s c cm, 1 5 0 s c 

cm, 0 s c cm^r&O, tot, gi (N 2 ) 

OtC, BCBlOWfT^nfe. X7f>^I^OBCBl© 
^®g&£>£&tfc<h, »tCDBCBl0tM©«i^« XPS 

(X-ray Photoelectron Spectroscopy) ftffl V*T##T $ frlfco 
X^^>^H^©B C BmCD^@BP<Dm^«. ttSf&JB 1 2 

e,#&nfe^^, yvM. ft*©flMH§tflef*» ^e-n^n, 5151, 

2 18 9, Rtf6 2 6 (a. u.) T&ofco ttltt, X^>^« 
}:BCBlO$ffiCS$nTV^X7f >M**©7 7iIt«> 

#&*&n&**» ^tl^tl, 5 97 

6, 4 6 1, Rtf5 73 (a. u.) T&ofco dtlte, ^fUtfX^ 
<^trx>y ^>^#X£fflV>fcB CBKOXyf >^l:<fc0 , B C B 

#X ty X y ^ > * ft IB fcfiiltl 5©lyf 
0, SfcKJS 5 a JcS**«^JP$nS £ t$t*UT^5. tfe 
#m<3DB CBJECDSM^^^ liiS^ 0 IP 

I2 9©^«, i|S[Ki5a©7y*i^> B fctet* 

£©«t ^fc, «iiii5 (Dx.y^><!f\z£V)mj&-2n2>&nm 



14 



WO 03/083935 



PCT/JP03/04063 



u 3 >a-fbm4 ©jmsntv^wx*; ^>^$n^o -> u 

Co 

f>^$n§. i 3 © y U □ 5 R^i/ U 3 >gft 

in«^n§. y*?t? 3 @h^« 1 3 fcsai£n> 

3 ^©H^W^M^Wfg^^^o 
m^X, Mmmi 3©l*!gB£A*U:7il8 atiI8 biAJIfta 

(chemical Mechanical Polishing) <h ffl V* , ^H^t<h 
ot)l^©iiSiIfe^^Si('i 0 ^J&£ tl&o CMPOl, X 

a. r;w\- f?7^ ^^^-r s > u =1 >n<tm q K.tf~> u n >mt 



15 



WO 03/083935 



PCT/JP03/04063 



1 0 (Di«T1-5. 

wt- 101 *«i*.tv>5. 3^>a*- 101 fcf*, y)V*u 

X#^57-f >lllft C 4 F 8 ^^t>A- 1 0 1 ft* 

flxmm^^yi 1 2«> m.mfi^ (n 2 ) £^>a-i 0 ltc^ 

l&b, K*#*fltll&^-f >1 1 3te, (0 2 ) 
10 1 fcMtS. 
HI 1 0 ©X*/^>^&Bfcfc» spff^KMXy t) , 

3-*? >;t— 1 0 1 ©rtffilcW:, SV^^l^It £±§B«@ 1 0 2iT 
10 3 tj^KW-StlTVi*. TS&«« 10 3 tcfci, #XAW 

Xy ^>^©»tC«, ±i£©¥^#*^ 1 ^^XAWtlTilf 

_t£&«S 10 2lt 10 5 ^jMTil^tllli 10 6 KlS 

^$nr^5. TS5«^ 10 3 fit, 10 7 ^ttlliSl 

as 1 0 8 cgi^nt^s. 106H, ^^x^^ft 

>a- 101 ©i^apTfi^-rsfeje) t«[ffl$n, 1 0 8 



16 



WO 03/083935 



PCT/JP03/04063 



i o 6 tmmmnm i o 8 v>mfc, n. 56mhz®i 
jimm^m^t-s. it&jamm^i o 6 tra^masi o 8 

fflff&B 109 CioTMStlS. ffilff&fli 10911 
gl06 ld«fc£>±8R^& 10 2 ^<D&mWLni£<Di&ffi tmffi £&ffl 

>^^^$n, ^^^n^ciE-r t>tioTii i d l 5 «*xy 5 1 

^tt*tjg®f$nsi:> tf©x^J^-H 

«*«ff fens £ tl:<k 9&StJf 5 a (BjSgjtfffijftsn*. 

1 HICD^m®^MB#^«, 1 0 ~ 5 0 0 u s ns: * u 



17 



WO 03/083935 



PCT/JP03/04063 



iS[***jgWfsn5jisi»fi^w«» i o~5 o Ofts c 
^iftii i/\©am 7 ^ omnium xm\zn ton& z. t-^rn * u 

ff S^iHl 0 8 fc«kSJt»*fi51 0 4^©i«^^*^ 

i \z^-i r x&mnznxuzm. mi i ^Efcfc* 

^^ttSfc 1 ^O/H 7*<Z>M#WfcBJjbnfc<fc5 3fcHS 5 a 



18 



WO 03/083935 



PCT/JP03/04063 



2 IC«SnTV»« £5 \Z. 7^*a*-#>**»Xy^>^^f^ 
1 3\Z^2nT^Z>&? \Z. f«#H<kotX7f>^#t ! ll 

3ili#*£^tfXs/^>^#*£m>fcW«»»ISl5 ©x 

mmmmms ©x^>^m©^stx^xv©M£ 

014(1 *8l3)!©^JS©!fS2J&JlB©¥*#£«2 Oe^l/TV^ 

5, 2 0 te, »^2 1 t. M2 1 ©±^^^^n^T 

Ummmm2 2^i^.TV^ 0 S^2 1 ©l*)£M::te> MOSh7> 

T^S3^«?t2 2©±^te, *ty/i2 5 t.mm^rmmm,2 



19 



WO 03/083935 



PCT/JP03/04063 



6 tinm^zm^nx^^o ^t^i2 5», z/vuymfcm 
tM^nti^. tit7iFii2 6ii, nmm&i&^mm&m 

uy^y (bcb) i^tf^^n^. mmzftz^o^, 

if n;w^n^-*J->^>\/^f d^t^ (bcb) S£-^t^/&£ 

§o A-F-7X^12 9tt, HM'>flM2 8^l7f>^ 

7h7^i2 7 tmm huy^mmm2 s tA- f^x^I29 
<h^«, ^n^iiuTfib'7if B ii2 6 ^jbt 
M^nti^. ^(Dummt., ^t^i2 5ttit'7iF B ii 

2 6 ^$m5ii-^t:T?L<h«> A'J 713 0 l:j;oTM$tiT^ 

£¥7Ht&m.®&&& 5til3 i«l$nT^5 0 £P3^ 3 1 
k*7?UcS&&£nfc^#te, ^-©±^IB^^, TBBSB^ 



20 



WO 03/083935 



PCT/JP03/04063 



^ti2 8 ^i©^ i mm«D&Mm 5 a t m.mfix 

ii^^<M^nT^5*Ii 2 6 aR^Il 2 8 att, W 

«tfr»m«t2 6 tt«M/>fiwi2 8 tstaicfits. 

H£&MJi2 6 aRt*2 8 a «, #3 SI 3 1 6 ©«B©fttfc£Bfrlt 
— 3fcSI 2 6a RtftfcKJi 2 8 a ©7 yllSIt £P3JSI 3 1 

^n-fexj MfflSnT^S. Hi 5fcwSnT^*J:5K, 

2 1 CD±fc> ^)im^J^2 3 ZmmtZ^V 3 >gft!2 3a, t 

iisil2 3 b, Rtf->U rr>ggftlSl2 3 c tf. sn*. 

h^t, »rig*nfc3fii»tfi»*i2 3 *-©bb» 

*Pf£*I&&tr<fc5 fc, «B»2 4«»»l«*n5. ^|E^2 4«, IB 
«**tt«-r*AUTBl2 4 at, AU7I2 4 a©±fc^J&2n 

Tia©^y>SH:J; OfrfrnSo £Hia$l2 4 ©«#> &#.K:<fc 
0. TiSffiiii2 2 0W^TT§. 

Tffimmmm 2 2 <£>^/&©m, 01 6t*$nT^s«t5c, * 



21 



WO 03/083935 



PCT/JP03/04063 



,^12 5, Xh7^l27, RtfA- 9 «, *> U 3 
CB) S/&#)&*teffl£ft5. 

mv^t. 0 1 7 cssnx^s «t 5 at« 2 1 ©±®m©^is 

ilf7ll«l2 6 $IIt§t'7?L©tff^Ift5 0 

7*M/^Xh'7X^3 3 ©MOt, 0 18 fc^£ftTV>£ J; 
?\Z, 7tM/^Xh^X^33Sl^T, &§mit®l3 2 , A- 
F7X^I29, fiM/>^irai2 8, Xbf/^127, Rtf 

mm¥Tmmm2 q ^jis^tx^^>^$n, +r;7 , i2 5 kipj 

ftHf7lMI2 6i:fihl/>firil2 8tOXyf>^C 

tt, c 4 F 8 <h^m^x (n 2 ) co 2 ) kmsn&i 

@^12 6 tf*hl/>fIKI2 8 t*txy^>^sn*^tfc 

^« hl/>^JSf B im2 8 tfc&Asns. gi7y*^oaAi:i 

D, tit7IF B 1l2 6W«M/>5 1 IF B 1l2 8!:», 

Sft£. &nm2 6 a, 2 8bCll K5S-S**S'&*^*^^^ 
ft, ^SI 2 6 a, 2 8btt, £JLT^fft>n«>¥*#t43fi^n'fe^ 
fc*5V>T, fib'7IW2 6 tfi h l/>fIIHIR2 8 
|:§|T§ 0 S 2 6a, 28 b077iii«M 3 1 



22 



WO 03/083935 



PCT/JP03/04063 



mm 2 s fcm&znz&nm 28b©^, 713 o tmms 

7ylIl 1 S^<^X^>^#ftlWf ttt^^, Ell 8 

|^^Tlt2 1 (D_tM#J©:£®fc>KI«ltil3 5^^^^tlfe^> 
EI 2 0 £ ^ £ *1T V> £ J; 5 , 7*bV^hT^f 36#7*b 
Uy^77^-ftiC«koT^$n5o tfT?L3 4(DF^gM-«. 
^*M^ihm3 5^j?<^^^n, Mitl3 5H trr?L3 4© 
Jg§M-^^^^^^^2 5^lt5. bl/vXh^X? 3 6 

tt, fiM/>fIF H 1!2 8, S.t^A— F"7 7x7l2 9("J^^$tl 

6§fflV^TK«tl^ii:m3 5, fiM/>fIfll2 8, JkZ$/\— H 

26©Xyf>^tl^«t. C 4 F 8 tii^fX (N 2 ) tii^x 

co 2 ) hifim^^nft3Ly^>if^7,ifimm^ti^o fcx7f> 

5=->^^^^ffl$n^CtiCckD, tiM/>?IM!2 8 (DM 
S. ^II2 8atl ^TO^##M3t7 0 a-feX^^^T, b 

ii3 i«J«*snav»s*fcfi<. sg*«««ko , b«v^ 



23 



WO 03/083935 



PCT/JP03/04063 



iiI3 7 t fc*7?L3 4 t^tl'&UTViSi^CS, h 
1^>^«W«2 8©E**3 7Kl®"TSfl!l*fctt. Kfc* 2 
8 b^f^SntV^. £ t»!2 8 bte, &«Ji 2 8 a 

^f>^#f«^#ttS)&^ fOIyf>Mlfelt 021C 

aRtf*fil2 8aft, ^©ti^lSOtt, -tft-^tU 
If 7 Jim* 2 6WfiH/>fiffll2 8£#i§-f 

t7^I25tXb y;^K2 7 £ © 5 ^ Sffi $ nt V> 5 

t*T?L 3 4 ASMKIft 2 4 \zmMTZ>o 5icSI2 6 a^5S:I 
|2 8att, COIy?;t*;^Oi*, ^tl^n, W 1$ H 7 « 53 181 

2 6TOiM/>^I^12 8 

3 o^^^^n^m, tt0t3 l^^^^n, t?7?L3 4£S5^ift3 

7 ^3&««|8&ii*nS. 3 1 O^J&fcJ: D, 0 14 \Z^-£tLfc¥ 

mm2 6 tfih^>flWK2 8©fl0gK:, SE**«*iP * n^afc 
ii2 6 a, 2 8 ad^^^ns. 2 6 a, 2 8 a tt, fctt 

W» -fc^Wfc3ftH«t*«**U , r*t), fib , 7iflI2 6i:fi 

^5#lt5. J£fc* &HJI2 6 a, 2 8ait il3 1 
©i£tfc£BfrjLl^ fik'71^12 6 ttihW>fif B H2 8 t 



24 



WO 03/083935 



PCT/JP03/04063 



«I)t3 1«12 6 a^S12 8 alliitittTS. Vfr 
U & St JB 2 6 aW&Ig 2 8alt iI3 1 C^^nSiOA' 
'JTltlt^tit^^fcfe, A U TBI 3 O^ftb&^C^ 
ft, ¥i»#gj»2 0 (DW}ft\z3z%<&Wlst£^o /t'J7l3 0^f 

bV> 0 

\iTmmwk2 6, Rummhu>^mmm2 8©x^^>^©<h^, 
n&d £tf»imT*&z> 0 mxmunmfe, mm^rmmm2 6 , 

iXWa h Uy^-^mm 2 8 <2#Jig^©&5tJg 2 6a, 28a ©J&S 

a^, mm^7mmm2 6 , R^iM'>fiii2 8®i7 
^>^#nf fc>n& «t^> ^^2 i ^©a-t Tx^EPin^ra^^j^ff 

ii26, win h u>^mmm 2 8 ©ton^©^® 26a, 

2 8a ©/&ft£{M-r& 0 
55t, ^SI2 6 a, 2 8 a©j&Ski:, tik'7^i!2 6, Ik 

x^*mm\dTmmm2 6, s^tibv>?iii2 8 titt 

(ai>^112 6 a, 2 8 aCDfifcftte, 2 6 a, 2 8 a 

(^1©I3I1) 

^i©i3fiT(t nmcom2^^cD#^#^m2 o a*, rtfr 



25 



WO 03/083935 



PCT/JP03/04063 



^t7^!25, fIk'7IF^2 6, Ahy/tl27, W 
ihl/>fIFIl2 8, Rt^A-^^^12 9*«$n5, f£ 

I29«, tih*7iril2 6t, M 

^j&$n&£3K, ^^©B3^sit«, mm^rmmm2 6 <h> 

^D^^-> (BCB) S-&#^^ffl^tl^o 

il0^3fn?tt, 0 2 5 fc^SnTV>5 £3 fc, A-F^X 
^12 9 0±C, It, iW\-F7X^l3 8MSn5, 

m 2 6 i:^$tlT^5 J: 5 tC> 7*h'JV^77^-Sil^ 

7*M/^b"7^^40B, Wti h^>^BIWJ&2 8 , RtfA- 

7* b hTX^ 4 0 <D^J&<£>m, 0 2 7(:S$nTV^i 

3 fc, 7* h l^X h7X7 4 0 SrJi^T'ifttetfjA- F^X^13 
8!5?I«yf>^^n§. ~>U n >mibMT^^^nfc!iittWA- H 



26 



WO 03/083935 



PCT/JP03/04063 



«V>T, £MI£lhM4 1 «ta&4K2 1 ©±B«O^Hfc»«Snfc 

7^M/^XhT7N^4 2 (D^^©m> EI 3 0 Kl^£nT^S«fc 
7t hV^Xh"7X^42§ffl^T, JRI* Bfrlb®! 4 1 , A — 

e^iuisnsi, *«t!TJiiiBll2 6 

2 ) tsii^x (o 2 ) t^^tifcx^>^^7M^n?). 

V>T, fihl/>5 1 iP B 1l2 8**»fc«it5. &HJ8 2 8 b© 
feffiV*. fib. «M/>?ini2 8M^n§3ScIl2 8 b 



27 



WO 03/083935 



PCT/JP03/04063 



0 3 0 l:»0*^tltt^^. 

m^x, m3 i^^nti^j;5i:, ^st^±m4 i ty* h 
M^>^sr B im2 8 , b >y a°M2 7 (Dmm\zumvtcx.y^ 

flhV>?IF B 1l2 8^ii:W5. 

A _ Fvx /7^ 2 9tfihV>flf B 1l2 8^:flk , 7iril2 
9©X7f>^MTtfciPgT\ fihl/>flF B 1l2 8 <hX h 

7 a 5 12 7 iio^oiitRit, ^^tit*7ini2 6 <t*^ y?m 

X b y/^m2 7 <h=\r^ yy°Wk2 5 fc#X y ^ > ^ 2 tlT tl^> c 

^fr^ hl/>^]SH1^2 8 ICf^^nt^fc^Ii 28b©^, W 



28 



WO 03/083935 



PCT/JP03/04063 



I(DIy3 1 >m, c 4 f s t^mtfx (N 2 ) tti^x (0 2 ) 

R2 8to«8i:tt, *n*n, ^iif^iMft^mtf 

gfcStJi 2 6 a, 2 8 aWSnS. ^11 2 6 a, Rtf 2 8 ate> 

u>^mmm2 s t &*»ic««*rs. 26 a, r# 2 s a 

Km 2 7 t03^itH$nT^5^^Xyf;t>y^fc«koTi£ 
7 £**il«>&Sn5. (RR3 1 ©JBffcfcJ; 0,014 fc^nfc^ 

s^^e 2 0 (Df^*^7t5. 

b, ^JfiCD^ 3 |i®fa7KXi7 ^□•feT.tC^^^^^^B 2 
0©^/&«, il©l2Ii©t777-X hyDtXKi**! 
&mW2 O0f)«J;n, BfeH«K2 6 a \z *X £ *l£ - V&'P 

B2 0 fc*SnTV>*<k5lC, ^^©m2^tJT'«, WHS If 7® 
KM 2 6 fcJ£j££nfclf7?L©rtS&fc]xl*BfrlfcIR3 5*«/&2n, 
3£lC, R*fSfrjkJtt3 5 *l»i*n5. K«*BfrlkJISI3 5 <DBfc*©E&> 
W=H£ If 7 Jilfflffll 2 6©<*|gfc:?Bffe2nfcBfc«BB2 6 atfi, 



29 



WO 03/083935 



PCT/JP03/04063 



H©^*-5>tt* f«k*7llSJi2 6(D§lOM^^ 
»2 6aO*«fc»V»T, /XU7K3D, R^*«t 3 1 © »j***ff 

If 716*11 2 6, Rtf*«hl'>9 t lftMt2 80X^>^frt> 

flMUtBT**. mfciD, If 7**112.6, Rtf*r«tM'> 
9=-*6*iBl2 8 ©HiJit^&UJi 2 6 a, 2 8 a ©J&g*MSiI$ n& . 

W$ hl/>fl6ii2 8 ©il^©efc«l 2 6 a, 2 8a <D&&& 
HK, &I12 6a, 28 a ©/&««, tik'7«iI2 6, R 
XY^titf7iil2 6, R^*r*M^>^*ft»«2 8teJ»atf 
C±5*ai2 6a, 2 8a©«fil *»i2 6a, 28a^l 

7i3 o ^i^si2 o^e>*^^n, 024 ts^ntv^* 



30 



WO 03/083935 




PCT/JP03/04063 



ft 



3t©feH 



(b) MfBWa^i^^^> ly5 L >^l/THP*^t*IS 



6 . |**©IKIB* 5 3lfclB*©¥*#M©«iS#t*fc*^*^ 



WO 03/083935 



,PCT/JP03/04063 



iyxy^>^#X#^JB£n, f&fB (b) X@£l!ufe (c) X*I£ 

9. it^©tgHm8^^fBm©¥S#^ecr)^3t7^^^*5^T, 
MfB (b) X*iTte> Wf3x^^>^©fe^C^^$n?>^^X 

mm (b) xe^fffenxv^p^tc, mib^^©^ 
m l m m t \z n t> n & 



32 



WO 03/083935 




PCT/JP03/04063 



mm (c) jimt. mm (to x@©m> mmmmmmmvmm 

13. (d) mm<D±mm\zmmmmm&Mj&Tz>j:m£* 

(e) SufB^^B^m^^ i^Efm/7X'-7tx^>^ 

14. (d) S^CD-bB^Ji-Wam^^^^'r^Xat, 

(e) WI5W^^^JK^> ^iJlf^tfy7X7TX^>^ 

mm (e) xs?&*ff ^nt^s m\z, tfjfBsm^con-r rxoi 

^ <h Iff t a* 3c s fr t> tx z> 

1 5. (f ) mmmmm&mf&tztut* 

(g) tu|BW^M^m*x^^>^bTP^P : &^^T?>xai, 

(h) MtB^p^^^bfem, mmmmmmmz, mmm^*^ 



33 



WO 03/083935 



,PCT/JP03/04063 



i6. ( i ) ti^t<koii mmmmm*mj&-?z>xmt. 
(k) Mfzf&2mmmnm%nm-?z>mmm£* mm&imm 

(1) MBB**©fMfcttB£7?L©«*fcte. MITPS^ 
(m) ftftfB (d) Xr^^Ct^ huIBIB^^ £ ftlfB tf T?L <h * . 

u %—tf^,i 1 &<£'ti3Ly3 L >if%Xifltiim'Ztl. Iff IB (1) Mfc*. 

mib (k) xe^PWfcfxfrn* 



34 



WO 03/083935 




PCT/JP03/04063 




1/30 




2/30 



WO 03/083935 



PCT/JP03/04063 




3/30 




4/30 




5/30 




6/30 



« 




7/30 




8/30 



WO 03/083935 



PCT/JP03/04063 



m^uig (a. u. ) 






«*<© 


5151 


5976 




2189 


461 


rat oo 


626 


573 



9/30 



WO 03/083935 



CT/JP03/04063 



U 1 O 




10/30 




11/30 



WO 03/083935 



PCT/JP03/04063 



1 2 




12/30 



WO 03/083935 



.pcT/jpoamoes 




13/30 




14/30 




15/30 




16/30 




17/30 




18/30 




19/30 




20/30 




21/30 




22/30 




23/30 




24/30 



WO 03/083935 A ^^PCT/JP03/04063 





25/30 




26/30 




27/30 




28/30 




29/30 



WO 03/083935 



PCT/JP03/04063 



133 




30/30 



INTERNATIO; 



E ARCH REPORT 



i i i ite :r application No. 

PCT/JP03/04063 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 H01L21/768, H01L21/302 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01L21/768, H01L21/302 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Kbho 1996-2003 

Kokai Jitsuyo Shinan Kbho 1971-2003 Toroku Jitsuyo Shinan Koho 1994-2003 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 5 * 



X 
Y 



X 
Y 



X 
Y 



Citation of document, with indication, where appropriate, of the relevant passages 



JP 2000-114367 A (Matsushita Electronics Corp.), 
21 April, 2000 (21.04.00), 
Full text; Figs. 1 to 4 
(Family: none) 

JP 10-125783 A (Sony Corp.), 
15 May, 1998 (15.05.98) , 
Full text; Figs. 1 to 8 
(Family: none) 

JP 11-297829 A (NEC Corp.), 
29 October, 1999 (29.10.99), 
Full text; Figs. 1 to 6 

& CN 1234605 A & KR 99083222 A 



Relevant to claim No. 



1,5,12,15,16 
2-4,6-9,17, 
18 



1,5,12,15,16 
2-4,6-9,17, 
18 



1,5,12,15,16 
2-4,6-9,17, 
18 



flT| Further documents are listed in the continuation of Box C. Q See patent family annex. 



* Special categories of cited documents: 

"A w document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing 

date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 
"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 



"T" later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 

tt &" document member of the same patent family 



Date of the actual completion of the international search 
27 June, 2003 (27.06.03) 



Date of mailing of the international search report 
08 July, 2003 (08.07.03) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Fnrm Pr.T/FSA/?in foernnrt shftrtt Huh/ IQQJft 



INTERNATIO 



CH REPORT 



InterrM ■! application No. 

PCT/JP03/04063 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Y 
A 



Y 
A 



Citation of document, with indication, where appropriate, of the relevant passages 



US 6114250 A (LAM RESEARCH CO.)/ 

05 September, 2000 (05.09.00), 
Full text; Figs. 1 to 8 

6 JP 2002-522922 A 
Figs. 1 to 8 
& WO 00/10199 Al 
& KR 1079655 A 



& EP 1116265 Al 



JP 2000-36484 A (Tokyo Electron Ltd.), 
02 February, 2000 (02.02.00), 
Full text; Figs. 1 to 14 
(Family: none) 

JP 2003-92287 A (NEC Corp.), 
28 March, 2003 (28.03.03), 
Full text; Figs. 1 to 8 
(Family: none) 

JP 2002-110788 A (Toshiba Corp.), 
12 April, 2002 (12.04.02), 
Full text; Figs. 1 to 4 
(Family: none) 

JP 2001-351897 A (New Japan Radio Co., Ltd.), 
21 December, 2001 (21.12.01), 
Full text; Figs. 1 to 13 
(Family: none) 



Relevant to claim No. 



1-9,12,15-18 
10,11,13,14 



1-9,12,15-18 
10,11>13,14 



1,5,12,15,16 



1,5,12,15,16 



10,11,13,14 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



/J PO 3/04 0 6 3 



jw3oji-*-«»*a>ftM mnrntftm. <ipc> > 

Int^Cl 7 HO 1 L 2 1/7 6 8, HO 1 L 2 1/3 0 2 



m^not^mmn (Hiwwa* (ipc) ) 

Int. CI 7 HO 1 L2 1/7 6 8, HO 1 L 2 1/3 0 2 



ttm%m%%&mL 1922-1996? 

^m^mmmmm^m 1971-2003? 

z*m&mm%&m4km. 1996-2003? 

n*mm&mmm&4kWL 1994-2003? 



x 

Y 



X 
Y 



JP 2000-114367 A 
2000. 04. 21, H 1 - 4 HI 



JP 10-125783 A (y^~|£5££r%t) 

1 9 9 8. 0 5. 1 5, ^fc, fgl-8|II (77^^iU 



1, 5, 12, 15, 16 
2-4, 6-9, 17, 
18 



1, 5, 12, 15, 16 
2-4, 6-9, 17, 
18 



skmz&mz frith 0 
roj PStni-sM^ teifi. s^ic:WSi-5» 



TYj ^cHS<Dfe5X^S>o-C, ^^XiSfei:^l« 
r&j la— /<tv H7r 5. y — 



2 7. 0 6. 0 3 



hi^w^o^b 08=07.03 



H^H^fF/T (I SA/J P) 
SW*1 0 0-891 5 




4L 



8 12 2 



03-3581-1101 ftm 3 4 9 8 



«SPCT/ISA/2 10 (1 9 98?7^) 



# 



IT/JP03/04063 



c at*) . 
3\mxm<D 



X 
Y 



Y 
A 



Y 
A 

PX 



PX 



JP 11-297829 A (0^«^^%h) 
1 9 9 9. 1 0. 2 9, ±X 1 1-61 
& CN 1234605 A 
& KR 99083222 A 

US 6114250 A 
(LAM RESEARCH CORPORATION) 
2000. 09. 05, m 1 - 8 EI 

& JP 2002-522922 A, fl-8@ 
& WO 00/10199 Al 
& EP 1116265 Al 
& KR 1079655 A 

JP 2000-36484 A h v >^*5*^%fc) 

20 0 0. 0 2. 0 2, ^1-1 4|H (77^U-*.U 

JP 2003-92287 A ( 0 3cfl&Hc3£&t) 
2003. 03. 28, K5 1 - 8 H (77^P^<CU 

JP 2002-110788 A (^^tt^^) 
2002. 04. 12, fl-40 (77§P-ftt) 

JP 2001-351897 A (fr B **6Ht*S^tfc) 
200 1. 1 2. 2 1, ^kX Il-13i (77^y-^U 



1, 5, 12, 15, 16 
2-4, 6-9, 17, 
18 



1-9, 12, 15-18 
10, 11, 13, 14 



1-9, 12, 15-18 
10, 11, 13, 14 

1, 5, 12, 15, 16 
1, 5, 12, 15, 16 
10, 11, 13, 14 



fifcPCT/ISA/2 10 (Sg2^-i*Dj^#) (1 9 98^7^) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 



^TIMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



^S^EFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: ■ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





